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ABSTRACT

Objective We aimed to evaluate the effects of different
ethnicities and potential environmental exposure on the
prevalence of thyroid autoimmune status and hypothyroid
status.

Design The data were obtained from two cross-sectional
studies.

Participants 2105 participants in Shanghai (Han) and 772
participants in Yunnan Honghe Prefecture (Han, Yi, Miao
and Hani), aged 18-75 were enrolled.

Methods Participants underwent several checkups,
including urinary iodine concentration, blood lead (BPb) and
blood cadmium (BCd), thyroid peroxidase antibody (TPOAb),
thyroglobulin antibody (TgAb), thyroid stimulating hormone
(TSH) as well as thyroid ultrasonography (US). Thyroid
autoimmune status was defined as: antithyroid antibody
positive (ATA+): TPOAb + or TgAb+; and ATA + and US+:
TPOAD + or TgAb + together with characteristic US features.
Results The standardised prevalence of thyroid
autoimmune positivity in Yunnan were higher than those
in Shanghai (TPOAb+: 13.56% vs 8.27%, p<0.001;
TgAb+: 9.28% vs 7.09%, p=0.045; ATA+: 16.96% vs
11.10%, p<0.001; ATA + and US+: 8.96% vs 6.64%,
p=0.036). For urinary iodine-to-creatinine ratio (Ul/Cr),
compared with the level of 100.00-199.99 pug/g, the level
of >300.00 ug/g had a 1.5-fold risk for ATA + and US+
(OR 1.455, p=0.041). The levels of 200.00-299.99 ug/g
and >300.00 pg/g were positively associated with
hypothyroid status (OR 1.509, p=0.002and OR 1.338,
p=0.043). Compared with the first quartiles, the fourth
quartiles of BPb were positively associated with TPOAb+:
(OR 1.637, p=0.006), ATA+ (OR 1.435, p=0.025), ATA +
and US+ (OR 1.641, p=0.013), hypothyroid status (OR
1.467, p=0.013) and TSH levels (B 0.092, p=0.021). The
fourth quartile of BCd was positively associated with the
prevalence of ATA+ (OR 1.427, p=0.036).

Conclusions Higher levels of Ul/Cr, BPb and BCd may
be associated with thyroid autoimmunity and hypothyroid
status.

INTRODUCTION
Autoimmune thyroid diseases (AITDs) are
the most frequent autoimmune disorders in
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Strengths and limitations of this study

» The current study was performed in a general pop-
ulation instead of a clinic-based population, making
the results potentially more generalisable.

» The data were highly reliable because all anthro-
pometric measurements, questionnaires and ultra-
sonography were completed by the same trained
research group with strong quality control, which
minimising the inter-individual errors.

» Because of the cross-sectional nature of the study,
no causal inferences can be drawn.

» Since the sample size of four different ethnics in
Yunnan was small, this pure exploratory research
could be regarded as a pilot experiment.

» Blood cadmium and blood lead concentrations were
based on a single blood sample, and they may rep-
resent short-term exposure.

humans and the most common patholog-
ical status in thyroid gland.! The prevalence
of AITD is estimated to be 5% in the USA%
however, the prevalence of higher antithyroid
antibodies (ATAs) without clinical manifesta-
tions may be higher.” Either thyroid perox-
idase antibody (TPOAb) or thyroglobulin
antibodies (TgAb), which serve as a clin-
ical marker for detecting AITD,4_6 can be
found in approximately 20% of the general
population.’

The presence of ATAs, mainly TPOADb,
may indicate the presence of AITD, which
is closely associated with thyroid dysfunc-
tion.” Recently, a study suggested that thyroid
autoimmunity was positively associated with
glycated haemoglobin, homeostasis model
assessment of insulin resistance (HOMA-IR),
obesity, central obesity, hyperlipidaemia and
metabolic syndrome, especially in women.’
The positivity of TPOAb and TgAb is also
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positively associated with the prevalence of non-alcoholic
fatty liver disease.'’

Thus, issues on thyroid autoimmunity have raised more
attention. Genetic backgrounds, such as ethnic or race
differences, are approximately 73% responsible for the
presence of TPOAb and TgAb,"" while environmental
factors such asiodine status, smoking and drugs contribute
to the occurrence of thyroid autoimmunity positivity for
approximately 20%." ¥ Few studies have simultaneously
reported the relationship of these risk factors (ethnic
or race differences and environmental exposure) with
thyroid autoimmunity. In the current exploratory study,
we used the data from two ongoing cross-sectional studies
to evaluate (1) the different prevalence of thyroid auto-
immunity and hypothyroid status between two different
regions (Shanghai and Yunnan) and among four ethnic
groups (Han, Yi, Miao and Hani); and (2) the potential
relationship of the slight difference in the concentra-
tion of environmental exposures (including iodine, lead
(Pb) and cadmium (Cd)) and the prevalence of thyroid
autoimmunity and hypothyroid status. Understanding
the epidemiology of thyroid autoimmunity, including its
geographical differences and environmental influences,
may provide clues to find its aetiology and a new strategy
for thyroid autoimmunity-related glucose and lipid
metabolism disorders.

MATERIALS AND METHODS

Study participants

The data of the current study were obtained from two
ongoing cross-sectional studies. One is the SPECT-China
2 study, which is a population-based survey on the preva-
lence of metabolic diseases and risk factors in East China.
The approval number of the SPECT-China 2 study is
ChiCTR-ECS-1900021356 which was registered at www.
chictrorg.cn (The WHO international clinical trials
registered organisation registered platform). Another
cross-sectional study was performed in South Yunnan (a
multiethnic region) in Southwest China in 2019 and was
designed to investigate the association between vitamin
D and the prevalence of glucose and lipid metabolism
diseases in South Yunnan. The ethnic information of
each participant was obtained from his/her own citizen’s
identity card of the People’s Republic of China. All partic-
ipants provided written informed consent before data
collection. All procedures followed were in accordance
with the ethical standards of the responsible committee
on human experimentation (institutional and national)
and with the Helsinki Declaration of 1975, as revised in
2008.

In this study, a stratified cluster sampling method was
used. In Huangpu District, Shanghai, three sites were
randomly selected and in Honghe Prefecture, Yunnan
Province, three ethnic minority villages (Yi, Miao and
Hani people gathering areas) and one urban area (Han
people gathering area) were randomly selected. Inclu-
sion criteria were Chinese citizens aged 18-75 years old

Han in Shanghai Yi, Miao, Hani, Han in Yunnan
n= 2,247 n=801

Exclusion:

Missing the results of thyroid
function or thyroid antibody (n=2)
History of thyroid surgery (n=4)
Missing thyroid
information (n=3)
History of using amiodarone (n=9)
Missing ethnic information (n=11)

Exclusion:

Missing the results of thyroid
function or thyroid antibody (n=3)
History of thyroid surgery (n=79)
Missing thyroid
information (n=49)
History of using amiodarone (n=6)
Not Han (n=5)

ultrasound ultrasound

Han in Shanghai Yi, Miao, Iani, Han in Yunnan
n- 2,105 n-772

v y

[ Subjects enrolled in this study ]

(n=2,877)

Figure 1 Flowchart of participants’ inclusion and exclusion.

and had lived at their current residence for 6 months
or longer. Exclusion criteria were those with severe
communication problems, with acute illness or who were
unwilling to participate. Initially 2247 participants in
Shanghai (Han) and 801 participants in Yunnan Honghe
Prefecture (Han, Yi, Miao and Hani) were enrolled. We
then excluded participants who were missing the results
of thyroid function (Serum thyroid stimulating hormone
(TSH), total triiodothyronine (T,) or total thyroxin (T,))
or thyroid antibody (TPOAb or TgAb) (n=5, 3 in Shanghai
and 2 in Yunnan), had a history of thyroid surgery (n=83,
79 in Shanghai and 4 in Yunnan), missing thyroid ultra-
sound (US) information (n=52, 49 in Shanghai and 3 in
Yunnan), had a history of using amiodarone (n=13, 6 in
Shanghai and 9 in Yunnan) and missing ethnic informa-
tion or not Han in Shanghai (n=16, 5 in Shanghai and 11
in Yunnan) in this study. Finally, 2877 participants (2105
in Shanghai and 772 in Yunnan) were involved in the
current study. Figure 1 shows the inclusion and exclusion
of participants in this analysis. Details of the participants
are described in table 1.

Data collection

All steps of the investigation processes in Shanghai and
Yunnan were carried out by the same research team
according to the same protocol. A standard questionnaire
was administered by trained staff to obtain information on
demographic characteristics, personal and family medical
history and risk factors in their daily lives. All anthropo-
metric measurements were conducted at the same time
when blood samples and urinary samples were collected.

Blood and urinary sample assays

Fasting blood samples for laboratory assays were obtained
by venipuncture from 07:00 to 10:00. Blood samples were
stored at 2°C-8°Cwhen collected and shipped to local
central laboratories, which were certified by the College of
American Pathologists, within 2—4 hours of collection. On
the day of blood sample collection, as soon as the blood
samples arrived in the laboratory, serum separation and
sample testing began. Samples testing included serum
TPOAD, TgAb, TSH, T, and T, and whole-blood Pb and
Cd; electrochemiluminescence (Roche, E601, Germany)
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was used to measure TSH, T,, T,, TPOAb and TgAb.
(1) TSH: A sandwich principle was used. Samples, bioti-
nylated monoclonal TSH-specific antibodies and mono-
clonal TSH-specific antibodies labelled with ruthenium
complex reacted to form sandwich complex. After addi-
tion of streptavidin-coated microparticles, the complex
became bound to the solid phase via interaction of biotin
and streptavidin. The reaction mixture was aspirated
into the measuring cell where the microparticles were
magnetically captured onto the surface of the electrode.
Unbound substances were then removed with ProCell/
ProCell M. Application of a voltage to the electrode then
induced chemiluminescent emission which was measured
by a photomultiplier. The inter-assay and intra-assay coef-
ficients of variation were 8.33% and 6.25%, respectively.
(2) T,and T,: A competition principle was used. Samples
and T /T -spec1ﬁc antibodies labelled with a ruthenium
Complex bound T,/T, was released from the binding
proteinsin the sample by 8-Anilino-1-naphthalenesulfonic
acid (ANS). After addition of streptavidin-coated micro-
particles and biotinylated T,/T,, the still-free binding
sites of the labelled antibody became occupied, with
formation of an antibody-hapten complex. The entire
complex became bound to the solid phase via interac-
tion of biotin and streptavidin. The reaction mixture was
aspirated into the measuring cell where the microparti-
cles were magnetically captured onto the surface of the
electrode. Unbound substances were then removed with
ProCell/ProCell M. Application of a voltage to the elec-
trode then induced chemiluminescent emission which
was measured by a photomultiplier. The inter-assay and
intra-assay coefficients of variation were below 8.33% and
6.25% for T,, 6.67% and 5.00% for T, respectively. (3)
TPOAD and TgAb: A competition prmaple was used.
Samples were incubated with anti-TPO/Tg antibodies
labelled with a ruthenium complex. After the addition
of biotinylated TPO/Tg and strepdtavidin-coated micro-
particles, the anti-TPO/Tg antibodies in the sample
competed with the ruthenium-labelled anti-TPO/Tg anti-
bodies for the biotinylated TPO/Tg antigen. The entire
complex became bound to the solid phase via the inter-
action of biotin and streptavidin. The reaction mixture
was aspirated into the measuring cell where the micro-
particles were magnetically captured onto the surface of
the electrode. Unbound substances were then removed
with ProCell/ProCell M. The application of a voltage to
the electrode then induced chemiluminescent emission,
which was measured by a photomultiplier. The inter-assay
and intra-assay coefficients of variation for both TPOAb
and TgAb were 10.00% and 7.50%, respectively.
Whole-blood Pb and Cd concentrations were tested
using graphite furnace atomic absorption spectrom-
etry (GFAAS, BH2200S, China). Before sample detec-
tion, a standard solution was tested in the machine, and
then standard curves were set up with r>0.9950. In the
next step, quality control materials were tested, and the
outcomes had to be within the range of accuracy ratings.
After that, 40 pL of whole blood was added to a reagent

matched to the GFAAS machine. This reagent special-
ises in testing cadmium and lead in whole blood, which
contained NH,H,PO + bovine + Triton X-100 + deionised
water. After sufficient mixing, the solution can stand for
half an hour. After that, 20 pL samples were added to the
inspection wells for testing. Two quality control personnel
participated in the whole process control. Outliers were
tested in duplicate. The limit of detection values for BPb
and BCd were as follows: 1.17pg/L and 0.02 pg/L. None
of the samples exhibited values below the detection limits
of BPb and BCd. The inter-assay and intra-assay coeffi-
cients of variation for BPb and BCd were all below 10.00%.

Spot urine was obtained from each participant in
the same morning. Urinary iodine and creatinine (Cr)
concentration measurements began on the day when
samples arrived in the laboratory. Using the morning
fasting spot urine samples, urine iodine concentra-
tion (UIC) was determined with an inductively coupled
plasma-mass spectrometry (Agilent Technologies, Agilent
7700X, USA). After the sample solution was treated with
tetramethylammonium hydroxide, it was sent from the
carrier gas into the inductively coupled plasma torch
through atomisation, and after evaporation, dissocia-
tion, atomisation, ionisation and other processes, most
of it was converted into positively charged positive ions
entering the mass spectrometer through the ion acquisi-
tion system. The mass spectrometer separated the sample
according to the mass-to-charge ratio, which was detected
by the detector. The ion count rate was proportional
to the content of the analyte in the sample. The matrix
effect was eliminated by the standard addition method to
realise the sample quantitative analysis of iodine content.
The inter-assay and intra-assay coefficients of variation for
UIC were below 3.21% and 1.46%, respectively.

Thyroid ultrasonography

All thyroid ultrasound examinations in Shanghai and
Yunnan were performed by the same two registered physi-
cians, who had professional certificates for ultrasonog-
raphy awarded by the Ministry of Health of China, using
B-mode US imaging. The internal echo of the thyroid
was recorded. Prior to the study, strict ultrasound quality
control was carried out, and the Kappa value between
these two sonographers was 0.86.

Definition of variables
Serum TPOADb positivity (TPOAb+) and TgAb positivity
(TgAb+) were defined as TPOAb >34.00U/mL and
TgAb >115.00 U/mL according to the reference range.
Thyroid autoimmune status was defined in two different
ways: (1) ATA positive (ATA+): serum TPOAD + or TgAb+;
and (2) ATA + and US+: serum TPOAb + or TgAb +
together with characteristic ultrasonographic features
(diffuse parenchymal hypoechogenicity and/or hetero-
geneous echogenic patterns of the thyroid gland).'* '
Hypothyroid status was defined as participants with
higher TSH levels (>4.20mIU/L) or with a history of
thyroxine replacement therapy.
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Body mass index (BMI) was calculated as weight in
kilograms divided by height in metres squared. UI/Cr
(pg/g)=UIC (pg/L)x88.4x100/UCr (pmol/L).

Statistical analysis

We performed survey analyses with IBM SPSS Statistics,
V.24 (IBM Corporation). All analyses were two-sided.
Value p<0.05 was considered statistically significant. The
Kolmogorov-Smirnov test and P-P plots were used to
determine whether the data were normally distributed.
Normally and non-normally distributed continuous vari-
ables were expressed as the mean+SDand the median
(25% quartile value, 75% quartile value), respectively.
Categorical variables are presented as percentages.

The standardised prevalence of TPOAb+, TgAb+, ATA+,
ATA + and US+ and hypothyroid status in Shanghai,
Yunnan and four ethnic groups in Yunnan (Han, Yi,
Miao and Hani) was analysed according to the age and
sex distribution in the Sixth National Population Census
of China, 2010 (National Bureau of Statistics, www.
stats.gov.cn). The association of the prevalence of these
thyroid disorders above with two locations (Shanghai and
Yunnan) and four ethnic groups (Han, both in Shanghai
and Yunnan and Yi, Miao, and Hani in Yunnan) was
analysed by logistic regression. The regression models
were adjusted for age, sex, location, ethnic group, BMI,
smoking and drinking history (current and past). Han
ethnicity was the reference.

The relationship of TPOAb+, TgAb+, ATA+, ATA + and
US+, hypothyroid status with environmental parameters
(UIC, urinary iodine-to-creatinine ratio (UI/Cr), BPb
and BCd quartile concentration) was analysed by logistic
regression models with each measure as the outcome.
The regression models were adjusted for age, sex, ethnic
group, BMI, smoking and drinking history (including
current and past). The results were expressed as ORs and
95% ClIs. Levels of UIC and Ul/Cr were divided into four
groups: Level 1:<100.00, Level 2: 100.00-199.99, Level
3: 200.00-299.99 and Level 4:2300.00pg/L (or pg/g)
according to the iodine nutrition epidemiological criteria
of the WHO.'® For UIC and UlI/Cr, the Level 2 (adequate
iodine intake) was the reference. For BPb and BCd, the
first quartile (Q1) was the reference.

The association of thyroid hormones with environ-
mental parameters was analysed in the participants
without a history of using thyroid medicine. Linear regres-
sion was used, and the results were expressed as B values
with 95% CIs. TSH and T, were In-transformed before
linear regression because of their skewed distribution.
The regression models were adjusted for age, sex, ethnic
group, BMI, smoking and drinking history (current and
past). For UIC and UI/Cr the Level 2 (adequate iodine
intake) was the reference. For BPb and BCd, the first
quartile (Q1) was the reference.

Patient and public involvement
Patients and the public were not involved in the devel-
opment of research questions, design of the study,

recruitment and conduct of the study or dissemination of
the study results.

RESULTS

Characteristics according to locations and ethnic groups

A total of 2877 subjects (2105 in Shanghai and 772 in
Yunnan), aged 18-75, were enrolled in the current study.
All participants in Shanghai were Han. Four ethnic groups
(Han and three ethnic minorities (Yi, Miao, and Hani))
in Yunnan, the region with the most ethnic minorities
in China, were included in the current study. The char-
acteristics of the participants in Shanghai, Yunnan and
four ethnic groups in Yunnan are shown in table 1. The
median (25% quartile value, 75% quartile value) UIC in
Shanghai and Yunnan was 199.90 (142.65, 291.60) pg/L
and 213.20 (150.00, 291.30) ng/L, respectively. The
median (25% quartile value, 75% quartile value) BPb was
35.00 (28.00, 43.00) pg/L in Shanghai and 49.00 (34.00,
68.00) pg/L in Yunnan. The median (25% quartile value,
75% quartile value) BCd was 0.80 (0.50, 1.20) pg/L in
Shanghai and 1.20 (0.70, 1.80) pg/L in Yunnan. Among
the four ethnic groups in Yunnan, Han people had the
highest median levels of UIC, BPb and BCd, while Hani
people had the lowest median levels (table 1).

Standardised prevalence of thyroid status in the current study
Figure 2 shows the standardised prevalence of thyroid
status including the presence of TPOAb+, TgAb+, ATA+,
ATA + and US+ and hypothyroid status in Shanghai (all
were Han), Yunnan and four ethnic groups in Yunnan
based on the age and sex distribution in The Sixth
National Population Census of China, 2010. The stan-
dardised prevalence of thyroid disorders was much higher
in Yunnan than in Shanghai (TPOAb+: 13.56% vs 8.27%,
p<0.001; TgAb+: 9.28% vs 7.09%, p=0.045; ATA+: 16.96%
vs 11.10%, p<0.001; ATA + and US+: 8.96% vs 6.64%,
p=0.036; hypothyroid status: 13.53% vs 12.61%, p=0.531).
In terms of the standardised prevalence of thyroid disor-
ders in four ethnic groups in Yunnan, the Han popula-
tion in Yunnan ranked first in TPOAb+, TgAb+, ATA+,
ATA + and US+ and hypothyroid status.

Association between the prevalence of thyroid status and
demographic characteristics

The association between the prevalence of thyroid
status and demographic characteristics was analysed by
using logistic regression models. The regression models
were adjusted for age, sex, location, ethnic group, BMI,
smoking and drinking history. Women were significantly
associated with a higher prevalence of TPOAb+ (OR
2.219,95% CI1.453 to 3.387, p<0.001), TgAb+ (OR 4.968,
95% CI2.786 to 8.859, p<0.001), ATA+ (OR 3.128, 95% CI
2.099 to 4.661, p<0.001), ATA + and US+ (OR 4.007,
95% CI 2.334 to 6.879, p<0.001) and hypothyroid status
(OR 2.197, 95%CI 1.550 to 3.114, p<0.001). Age was
significantly associated with a higher prevalence of hypo-
thyroid status (OR 1.027,95% CI1.017 to 1.037, p<0.001).
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Figure 2 Standardised prevalence of thyroid disorders in the current study. (A) The standardised prevalence of thyroid
disorders was significantly higher in Yunnan than in Shanghai. (B) The standardised prevalence of thyroid disorders in four
ethnic groups in Yunnan, the Han population ranked first in TPOAb+, TgAb+, ATA+, ATA + and US+ and hypothyroid status.
The standardised prevalence of thyroid disorders was based on the age and sex distribution in The Sixth National Population
Census of China (2010). ATA+: serum TPOAb +or TgAb+; ATA+ and US+: serum TPOAb+ or TgAb+ together with characteristic
ultrasonographic features; hypothyroid status: with higher thyroid stimulating hormone levels (>4.20mIU/L), or with a history of
thyroxine replacement therapy. ATA, antithyroid antibody; TgAb, thyroglobulin antibody; TPOADb, thyroid peroxidase antibody;

US, ultrasound.

BMI, smoking history and drinking history showed no
statistically significant association with thyroid autoimmu-
nity and hypothyroid status (all p>0.05) (table 2).

Table 2 also summarises the results of the association
of TPOAb+, TgAb+, ATA+, ATA + and US+ and hypothy-
roid status with location and ethnic group. Participants in
Yunnan had a 2.4-fold (p<0.001), 1.8-fold (p=0.005), 2.2-
fold (p<0.001), 2.2-fold (p<0.001) and 1.6-fold (p=0.005)
higher risk of developing TPOAb+, TgAb+, ATA+, ATA +
and US+ and hypothyroid status than those in Shanghai.
For ethnic groups, by using Han as a reference, a signif-
icant difference was seen in the prevalence of ATA +
and US+ and hypothyroid status (p=0.010and 0.037).
Compared with the Han population, the Miao and Hani
populations had lower risks of developing ATA + and
US+, while the Yi and Hani populations had lower risks of
developing hypothyroid status (all p<0.05).

Association of environmental parameters with thyroid
autoimmunity

We further analysed the impact of environmental factors
(mainly iodine, Cd and Pb) on thyroid autoimmunity.
We evaluated the adjusted ORs for TPOAb+, TgAb + and
ATA+, ATA + and US+ according to the levels of UIC, Ul/
Cr by using adequate iodine intake level (Level 2) as a

reference, and the quartiles of BPb and BCd by using Q1
as a reference (table 3). For Ul/Cr, compared with Level
2, Level 4 (excessive iodine intake) had a 1.5-fold risk for
ATA + and US+ (OR 1.455, 95% CI 1.015 to 2.087). For
BPb, compared with the first quartiles, the highest quar-
tiles had highest risks of TPOAb+, ATA+, ATA + and US+
(TPOAb+: OR 1.637, 95%CI 1.153 to 2.322; ATA+: OR
1.435, 95% CI 1.046 to 1.968; ATA + and US+: OR 1.641,
95% CI 1.112 to 2.422). For BCd, the fourth quartile was
also significantly positively associated with the prevalence
of ATA+ (OR 1.427, 95% CI 1.023 to 1.991).

Association of environmental parameters with thyroid
function

Hypothyroid status was defined as participants with
higher TSH levels (>4.20mIU/L) or with a history of
thyroxine replacement therapy. According to this defini-
tion, we found that Level 3 (above requirements iodine
intake) and Level 4 (excessive iodine intake) of UI/Cr
was positively associated with the prevalence of hypothy-
roid status (Level 3: OR 1.509, 95% CI 1.165 to 1.954;
Level 4: OR 1.338, 95% CI 1.010 to 1.772) (table 3). For
BPb, the fourth quartiles of BPb were positively associ-
ated with higher risk of hypothyroid status (OR 1.467,
95% CI 1.085 to 1.984, table 3) and TSH levels (B 0.092,
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Table 4 The associations of thyroid hormones with UIC, UI/Cr, BPb and BCd quartile concentration

TSH T, T,
B (95% ClI) P value B (95% Cl) P value B (95%ClI) P value
UIC (pg/L)
Level 1 (<100.00) —-0.102 (-0.206 to 0.001) 0.053 0.021 (-0.011 t0 0.052)  0.202 2.723 (-0.253 t0 5.699)  0.073
Level 2 (100-199.99) 0.000 (Reference) 0.000 (Reference) 0.000 (Reference)
Level 3 (200-299.99) -0.046 (-0.111 to 0.020) 0.175 0.012 (-0.008 to 0.032) 0.234 -1.225(-3.118 t0 0.667) 0.204
Level 4 (>300) —0.028 (-0.099 to 0.043) 0.439 0.012 (-0.010 t0 0.034)  0.273 1.612 (-0.419 t0 3.644) 0.120
P value for trend 0.953 0.587 0.947
UI/Cr (ug/q)
Level 1 (<100.00) —-0.062 (-0.161 t0 0.037) 0.221 —0.013 (-0.044 t0 0.017) 0.384 -2.580 (-5.430 t0 0.271) 0.076
Level 2 (100-199.99) 0.000 (Reference) 0.000 (Reference) 0.000 (Reference)
Level 3 (200-299.99) 0.058 (-0.009 to 0.124) 0.090 -0.001 (-0.021 t0 0.019) 0.917 0.562 (-2.477 t0 1.352)  0.565
Level 4 (>300) 0.023 (—-0.050 to 0.096)  0.541 0.013 (-0.009 to 0.036) 0.247 1.516 (-0.581 t0 3.614) 0.157
P value for trend 0.103 0.155 0.045
BPb (ug/L)
Q1 (<29.00) 0.000 (Reference) 0.000 (Reference) 0.000 (Reference)
Q2 (29.00-37.00) —0.034 (-0.108 to 0.040) 0.366 0.017 (-0.006 to 0.040) 0.145 0.500 (-1.634 to0 2.634)  0.646
Q83 (37.00-50.00) 0.077 (-0.001 to 0.155) 0.054 0.018 (-0.006 to 0.042) 0.137 0.590 (-1.897 to 2.611)  0.756
Q4 (>50.00) 0.092 (0.014 to 0.170) 0.021 0.001 (-0.023 to 0.025)  0.937 2.189 (-0.118t0 4.383)  0.063
P value for trend 0.002 0.919 0.085
BCd (ug/L)
Q1 (<0.50) 0.000 (Reference) 0.000 (Reference) 0.000 (Reference)
Q2 (0.50-0.90) —0.050 (-0.125 t0 0.026) 0.126 0.009 (-0.014 t0 0.032) 0.576 0.909 (-1.270t0 3.088) 0.414
Q3 (0.90-1.40) 0.023 (-0.084 to 0.070) 0.618 -0.016 (-0.038 to 0.007) 0.181 -0.278 (-2.427 to 1.871) 0.800
Q4 (>1.40) 0.027 (-0.055 to 0.109) 0.514 0.011 (-0.014 to0 0.036) 0.393 1.560 (-0.798 t0 3.918)  0.195

P value for trend

0.265

0.966

0.408

Linear regression was used. TSH and T, were In-transformed before linear regression because of their skewed distribution. The
regression models were adjusted for age, sex, ethnic group, body mass index, smoking and drinking history (current and past).
BCd, blood cadmium; BPb, blood lead; T3, triiodothyronine; T4, total thyroxin; TSH, thyroid stimulating hormone; UIC, urinary iodine

concentration; UI/Cr, urinary iodine-to-creatinine ratio.

95% CI 0.014 to 0.170, table 4). There was no significant
difference between BCd quartiles and the risk of thyroid
dysfunction (tables 3 and 4).

DISCUSSION

In the current study, we found differences in the prev-
alence of thyroid autoimmune positivity, and hypothy-
roid status between two different regions (Shanghai and
Yunnan) and among four different ethnic groups (Han,
Yi, Miao and Hani) in China. Higher levels of Ul/Cr, BPb
and BCd may be risk factors for thyroid autoimmunity
and hypothyroid status.

Thyroid antibody positivity and AITDs have high prev-
alence in the general population. Several studies have
reported that different races/ethnicities and socioeco-
nomic statuses were associated with the prevalence of
thyroid disorders. Using the data from the Third National
Health and Nutrition Examination Survey (NHANES III)
in the USA, Hollowell JG et alreported that TSH levels and

the prevalence of ATAs were greater in whites and Mexican
Americans than in blacks.'” In the Brazilian Longitudinal
Study of Adult Health (ELSA-Brasil), the prevalence of
hypothyroidism was greater in white individuals than in
black individuals or Brazilians and among those with high
net family incomes.'® In terms of ethnic differences, we
found that in Yunnan Honghe Prefecture, Han people
had the greatest standardised prevalence of thyroid auto-
immune positivity and hypothyroid status. Compared with
the Han people living in Yunnan, the Yi and Miao people
are still in a relatively poor state (especially in remote rural
areas). Their eating habits are mostly vegetarian, and the
amount of crude fibre and grains they consume is signifi-
cantly higher than that the amount that Han people in
Yunnan consume. It was reported that some vegetables,
such as cruciferous vegetables, pearl millet, soy products
and cassava, were attributed to thyroid dysfunction.'” The
Han ethnicity shows high genetic homogeneity across
China, and significant genetic differences exist between
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Han groups and some minority groups.”” However, it is
worth noting that in the same Han population living in
Shanghai (one of the most economically developed cities
in China) or in Yunnan in different locations, the stan-
dardised prevalence of thyroid disorders presented was
completely different. The prevalence of thyroid autoim-
mune positivity and hypothyroid status was much higher
in Yunnan Han people than in Shanghai Han people.
Thus, in addition to potential genetic differences, differ-
ences in eating habits and regional economic differences,
potential environmental risk factors may also contribute
to the different prevalence of thyroid disorders.

Iodine is a trace element essential for the human
body, especially for thyroid hormone production. It is
primarily obtained from the diet and excreted in urine.
The measurement of UIC is recommended by the WHO
in evaluating iodine nutrition among populations,'® and
according to the iodine nutrition epidemiological criteria
of the WHO, a population’s median UIC of <100, 100-199,
200-299 and 2300 pg/L are each representative of insuffi-
cient, adequate, above requirements and excessive iodine
intake. Some studies also used UI/Cr to describe iodine
status.”' ** Tt was suggested that UI/Cr from spot urine
can serve as a feasible and reliable alternative for eval-
uating iodine excretion when a 24-hour urine sample is
unavailable.'® Thus, in the current study, we used these
two methods to assess the iodine nutritional status of
the population. In our study, the median (25% quar-
tile value, 75% quartile value) UICs of the populations
in Shanghai and Yunnan were 199.90 (142.65, 291.60)
pg/L (adequate) and 213.20 (150.00, 291.30) pg/L
(above requirement), respectively. Although Shanghai is
a coastal city and Yunnan is an inland area, the UIC levels
of the Shanghai population should have been higher than
those of the Yunnan population. However, a survey of 12
communities in downtown Shanghai found that approx-
imately 46.4% of Shanghai residents currently use non-
iodised salt,” and UIC<100pg/L was present in 46.8% of
the population. That is why the UIC level of the Shanghai
population in the current study was slightly lower than
that of the Yunnan population.

In the current study, we evaluated the association of
UIC and UI/Cr with thyroid autoimmunity and hypothy-
roid status by using adequate iodine intake level (Level
2) as a reference. We found excessive iodine intake had a
1.5-fold risk for ATA + and US+, and above requirements
iodine intake and excessive iodine intake was positively
associated with hypothyroid status. Many studies have
focused on the problems of excessive iodine intake.
Excessive iodine consumption has been widely described
as a risk factor for AITD.** ® In a 5-year prospective
Chinese study,” *’ the cumulative incidence of ATA was
significantly higher in the cohort with excessive iodine
intake. Excessive iodine intake is also related to a higher
prevalence of hypothyroidism or an increased level of
TSH,**?! and the hypothyroid status following chronic
excess iodine exposure may be due to the presence of
ATA positivity.?* 2’ *

Lead (Pb) and cadmium (Cd) are inevitable environ-
mental pollutants in daily life. They come from a variety
of sources, such as leaded gasoline, mining wastes,
smelting, electroplating, petroleum and lead paint, as
well as the intensive use of consumer products, such as
lead-acid batteries, make-up, pigments, plastic cooking
tools and cigarettes.”>™ The biological halflife of Cd
and Pb can be over 30 years. Thus, exposure to Cd and
Pb, even at environmentally low levels over time, is asso-
ciated with a plethora of toxic effects on multiple systems
and organs of the human body,” including endocrine-
disrupting activities.”” BPb and BCd levels are widely used
as biomarkers and are included in human biomonitoring
related to Pb and Cd exposure in many countries. In the
NHANES (2007-2010) of the USA,* BPb and BCd were
18.20pg/L and 0.55p1g/L, respectively, and in Asia, BPb
and BCd were 14.60pg/L and 0.72pg/L, respectively,
in the Korean National Health and Nutrition Examina-
tion Survey (KNHANES, 2017).* In the current study,
the median levels of BPb and BCd were 35.00 pg/L and
0.80pg/L in Shanghai, 49.00pg/L and 1.20pg/L in
Yunnan, respectively, and they were slightly higher than
those data reported in the other countries above.

Lead (Pb) and cadmium (Cd) are also recognised
as endocrine-disrupting chemicals.”” * Some reports
suggested that the frequency of TPOAb positivity in
never smokers was significantly higher than that in ever
smokers*' and that stopping smoking decreases the risk
of Graves’ disease but increases the risk of Hashimoto
disease.” However, in the current study, smoking history
showed no significant association with thyroid autoim-
munity and hypothyroid status, considering that smokers
had higher levels of BPb and BCd than non-smokers,* **
and all analyses in the current study were performed with
adjustment for smoking. The relationship between Cd and
Pb exposure and thyroid disorders remains controversial.
Abdelouahab et al*® studied a group of 124 men (median
BPb: 31.0pg/L) and 87women (median BPb: 17.4pg/L)
who lived in lakeside communities. They found an inverse
relationship between TSH and BPb in women but not
in men. Meeker et al'® found that TSH decreased as the
whole BPb concentration increased in 219 men partic-
ipating in a study of environmental influences on male
reproductive health (median BPb: 15.0pg/L). The results
from the analysis of the Third NHANES III in the USA
showed that the TSH level was not significantly related to
the BPb concentration (mean BPb: 35.5pg/L).*” Similar
results have been obtained in two other studies™*® (mean
BPb: 15.5pg/L and 18.2pg/L, respectively). However,
in our study, increasing quartiles of BPb were positively
associated with increasing risks of thyroid autoimmunity
and hypothyroid status, including increased TSH levels.
Regarding Cd, Buha et al reported that elevated BCd
levels were associated with decreased TSH levels.”® One
study on workers occupationally exposed to Cd (median
BCd: 0.71pg/L) confirmed that higher BCd concentra-
tions amplify the risk of elevated TSH levels.*’ Chen et aP’
analysed the results of NHANES (2007-2008) data and
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suggested thatincreased Cd levels (mean BCd: 0.38 pg/L)
were associated with increased Tg levels, but levels of
TSH were not consistently associated with Cd exposure.
In another study using NHANES (2007-2008) data,”’ but
using different statistical methods in a relatively small
population (median BCd: 0.30pg/L), elevated BCd levels
were associated with decreased TSH levels. Recent liter-
ature tackling the topic of biphasic, or non-monotonic,
responses to Cd exposure was characterised by an
inverted U-shaped curve.”® In our study, a positive rela-
tionship was found only between the highest quartile of
BCd and thyroid autoimmunity, and no significant associ-
ation was found between Cd exposure and thyroid func-
tion. Collectively, human studies have yielded conflicting
data, leading to increased confusion about the relation-
ships between BPb and BCd and thyroid disorders. These
findings may be due to variations in participant selection
and the use of different statistical methods.

Our study has several strengths. First, there were few
reports on the levels of heavy metals and thyroid autoim-
munity and hypothyroid status in multiple ethnic groups
and regions. Second, all anthropometric measurements,
questionnaires and ultrasonography were completed
by the same trained research group with strong quality
control, which minimising the inter-individual errors.

However, some limitations must be taken into account.
First, because of the cross-sectional nature of the current
study, association does not indicate causation. Second,
BCd and BPb concentrations were based on a single
blood sample, and they may represent short-term expo-
sure. Third, due to the relatively conservative cultural
background, inconvenient transportation (mountain
areas) and the impact of COVID-19, the sample size of
four different ethnics in Yunnan was relatively small. This
pure exploratory research could be regarded as a pilot
experiment. In the future, we will deepen our coopera-
tion in Yunnan and expand our sample size to explore
more results.

CONCLUSION

Higher levels of UI/Cr, BPb and BCd may be associ-
ated with thyroid autoimmunity and hypothyroid status.
Understanding the epidemiology of thyroid autoimmu-
nity, including its geographical differences and environ-
mental influences, may provide clues to find its aetiology.
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